Design Feature 



The fijse-selection checklist 
a quick update 



Len Lundy, Littelfuse Inc 



sing fuses in electronic cir- 
uits for overcvirrent protec- 
on is an established prac- 
ice. Likewise, a fuse se- 
ection checklist, in one 
Drm or another, has existed 
or many years. You now 
leed to update that list to 
iclude the Pt parameter of a fuse. The Ft rating helps you 
void "nuisance" openings — openings that occur under a 
ircuit's normal operating conditions. 

A complete fuse-selection checklist now includes: ampere 
atlng, voltage rating, temperature derating, overload open- 
ng times, interrupting rating, Ft rating, fuse size and type of 
nounting, resistance, agency approvals. 

Depending on your application, the dominant fuse para- 
neter and order of importance vary. These parameters are 
)ased on one or more of the following application require- 
nents: the ability to carry the normal operating current, the 



To be complete, a fuse-selection checklist now 
must include the Ht parameter. A quick review 
of this checklist makes it easy to select a fuse 
for a specific application. 



Figure 1 
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AMBIENT TEMPERATURE (°C) 

NOTES: 

AMBIENT TEMPERATURE EFFECTS ARE IN ADDmON TO 

THE NORMAL DERATING. 

CURVE A: TRADITIONAL SLO-BLO FUSES. 

CURVE B: VERY FAST-ACTING, AND-SPIRAL- 

WOUND SLO-BLO FUSES. 



These temperature-derating curves show the suggested der- 
ating of two fuse types (A and B). 



ability to open the circuit at 
the desired fault-current 
level, and general safety 
issues. A quick review of 
these parameters and a more 
detailed analysis of the Ft 
parameter helps ease fuse 
selection. 

Ampere rating. Select the ampere rating for the fuse so that 
the fuse can carry the normal operating-current conditions 
of the application. The recommended operating current for 
the fuse is 75% of the nominal rating. The derating of 25% 
compensates for the differences between the documented 
UL-rating test procedure and the typical application. 
Voltage rating. A fuse's voltage rating is a safety issue. This 
rating must equal or exceed the application circuit's operat- 
ing voltage. Operating a fuse above its voltage rating risks a 
potential explosion of the fuse or a fire. Fuses are current- 
sensitive, and you can successfully operate a fuse at any volt- 
age below its rated voltage. 

Temperature derating. Temperature derating is necessary so 
that the fuse can carry the normal operating current of the 
application. Fuses are thermal-responding devices, and der- 
ating is necessary for ambient temperatures above 25°C. UL- 
rating tests are performed at 25°C, and this derating is in 
addition to the 25% ampere derating. Figure 1, a chart of 
ambimt temperature vs percent of rating, shows the sug- 
gested derating. 

Overload opening times. You should select overload open- 
ing times based on the requirement to open the circuit at the 
desired fault-current level. You can determine the opening 
time at various current overloads using the time-current 
curve for a fuse. The overload-opening-time requirement of 
the application represents the "protection" you expect from 
the fuse. 

Interrupting rating. The Interrupting rating is a safety issue. 
It is the maximum fault current that the fuse can safely open 

at rated voltage. 

Ft rating. A fuse's Ft rating, which is measured in units of 
amperes-squared seconds (A^sec), is the amount of energy 
required to melt the fuse element. An analysis of an appli- 
cation helps to avoid a "nuisance" opening of a fuse. A nui- 
sance opening is a fuse opening that occurs under normal 
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FUSE-SELEQION CHECKLIST 

ojjerating conditions for the circuit. Such an opening gener- 
ally results from misapplication of the fuse. 

An Ft analysis is most useful in situations in which a start- 
up pulse or a series of pulses is normal. To select the proper 
fuse, you need to first determine the Ft energy in the pulse. 
Then, you can calculate the fuse's IH. rating using the num- 
ber of cycles desired and the ratio chart. The chart plots 
the number of pulses the fuse can withstand as a functiion of 
the ratio of the pulse Ft to fuse Ft rating. 

A short example shows you how to determine the 
required Ft rating of a fuse for a specific application. For this 
example, the selected fuse must withstand 100,000 cycles of 
the pulse waveform (Figure 2). You can calculate the Pt ener- 
gy in the pulse using the following equation: 
You can also approximate the energy in the pulse using 

l2t = Ji2(t)dt. 

established charts for several common waveforms (Figure 3). 
The formula to calculate Ft for waveform E in Figure 3 is 

Ft=V5(ip)2t= Vs X 8^ X 0.004=0.05 12 A^sec. 

The ratio chart in Figure 4 indicates that, to withstand 
100,000 cycles, the ratio of the pulse's Pt to the fuse's Pt is 
approximately 0.22. Thus, 

(pulse Ft/fuse Ft)=0.22, 

and 

fuse I2t=0.0512/0.22=0.2327 A^. 

In other words, the minimum fuse Pt rating necessary to 

withstand 100,000 cycles of this example's pulse is 0.2327 
A^sec. You base your actual fuse selection on a review of the 
manufacturer's I^t rating data. 

The last step in this analysis is to make sure the selected 
fuse meets the other requirements of the application, that 



Figure 2 
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An Pt analysis involves determining the energy to which the 
fuse is subjected, such as the energy in 100,000 cycles of this 
pulse waveform. 



is, you need to determine whether the fuse can handle the 
normal steady-state operating current with proper derating 

for the ambient temperature and if the fuse provides the nec- 
essary overcurrent protection. 

Fuse size and type of mounting. Each application deter- 
mines the fuse size and type of inounting you need, and 
there are a variety of products from which to choose. Many 
fuse holders are available, but the current trend is to use sur- 
face-mount fuses. 

Resistance. The resistance of a fuse usually increases as the 
nominal ampere rating decreases. You need to be aware that 
the voltage drop across the fuse can be appreciable, espe- 
cially for fuses with a low-ampere rating. 
Agency approvals. One widely accepted industry source 
for the performance requirements of fuses is UL (Underwrit- 
ers Laboratories) Standard 198G for supplemental fuses. A 
new joint UL/CSA (Canadian Standards Association) stan- 
dard is being developed, and portions of it have been issued. 
The new stand^lj-l^. CSA?48,^ includes a part that 
replaces ULl98t^'iniese^i^ndard^S Indude the necessary 
agency-approval requirements for safety. The most common 
approvals required in North America are UL and CSA. The 
fuse applications for export to or manufacture in Europe and 
Asia generally call for some agency approval to the Intema- 



Depending on the waveshape of your application, you can use 
the corresponding formulas to determine the H energy In the 
pulse. 



Figure 3 
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Plan to jcome out on top 

Everything you need to know 
to get started using micros is 
in one comprehensive guide: 
the MicroMentor™ PLC guide, 
from Allen-Bradley. 

• 180 pages, fully 
illustrated and 
easy-to-read 

•A history 
of micros, 
the advantages 
and control 
comparisons 

• Detailed strategies 
for developing 
control solutions 

• Sample applications 
to use now 

To get on top of control 
go buy the book. Order 
yours today for just $20. 
Call 1-800-338-4235. 
ht^:/Avww.ab.com/microm( 




Copyiigfct 1996 
Atlen-Bradley Company, Inc. 
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AutonMan 



Aten-BraOv 



THE NEW HIGH 
FREQUENCY VCXO FOR 
SONET, SDH & ATM. 

139.264 MHz and 155.520 MHz 




VC 6700 Series 



Frequencies: 

139.264 MHz and 155.520 MHz 
non-standard available 

Aeeuracy:±15ppm 

Size: 24.9X20.3 XI 2mm max. 
Double DIL-1 6 standard 

Frequency Stability: ±35ppm 

Output: ECL 

Deviation: ±120ppm 
with excellent linearity and 
incremental-slope sensitivity 



RfiLTR#ll 

ELECTRONICS CORP. 

2315 NW 107 AVENUE 
MIAMI, FLORIDA 33172 U.S.A. 
FAX (305) 594-3973 
(305) 593-6033 

ONLYRALTRON HAS fT ALL 

CRYSTALS 

CRYSTAL OSCILLATORS 

CRYSTAL FILTERS 
CERAMIC RESONATORS 
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Figure 4 



100,000 



PULSE.CYCLE-WrrH$TAND CAPABIUTY 

1 00,000 PULSES PULSE ft=22% OF NOMINAL MELTING ft. 
1 0,000 PULSES PULSE 1^1=29% OF NOMINAL MELTING ft 
1 000 PULSES PULSE ft=38% OF NOMINAL MELTING 1=4. 
1 00 PULSES PULSE ft=48% OF NOMINAL MELTING ft. 




100% 



PULSE IH/AVERAGE MELTING ft 
NOTE: 

ADEQUATE TIME (10 SEC) MUST EXIST BETWEEN PULSE 
EVENTS TO ALLOW HEAT FROM THE PREVIOUS EVENT 
TO DISSIPATE. 



To withstand 100,000 pulses, the ratio of the pulse's R to the 
fuse's IH Is approximately 0.22. 

tional Electrotechnical (oommission (lEC) specifications. 

UL listing, CSA certifidatlon, and approval to an lEC spec* 
ification all require the fuse to meet the performance require- 
ments detailed in the specifications. The opening-time-at- 
overload requirements for UL/CSA are different enough 
from the lEC specification that it is physically impossible for 
a fuse to meet both requirements. UL/CSA each offer a level 
of approval in which the manufacturer is allowed to specifj^ 
some of the performance requirements. These approvals are 
identified as the "Recognition under the Component Pro- 
gram" for UL and "Component Acceptance" for CSA. These 
forms of approval allow manufacturers to design and test e 
fuse to the lEC requirements and then submit those same 
performance requirements to UL and CSA. You can call tht 
Littelfuse Technical Assistance line ait (800) 999-9445 wit! 
questions. • - ; c ;;^: fflS 
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